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Theoretical Derivation of Damping Matrix and Applications for FE Analysis
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This paper presents a theoretical derivation of damping matrix and its application to the finite element
analysis (FE Analysis). Fractional calculus constitutive law was applied for describing the viscoelastic
material and was used to obtain the finite element formulation. The so-called “ damping matrix " C was
derived including the parameters of fractional derivative order r, relaxation time 7, and shear modulus
G of the concerned material.

A finite element computer program was developed on the basis of this formula and was used to analyze
the viscoelastic seismic damper which was made of viscoelastic material. The computational results are
in good agreemant with the vibration test results. The flow of evaluation procedure by the FE Analysis
for viscoelastic structures are summalized for user’s convenience.

Key Words : Damping Matriz, Fractional Calculus Constitutive Law, Finite Element
Method, Viscoelastic Seismic Damper, Vibration Test
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Fig.2 : FD Voigt Model for VEM (T =30 C)

Tablel : Parameters of Test Piece (VEM)

Fractional order r [ - | 0.62
“ Viscoelastisity modulus " ¢ [Ns"/m] | 749.76 X 102
Shear modulus G [N/m?] 623.80 X 102

Table2 : Parameters of FE Analysis Model

Fractional order r [-] 0.62
“ Viscoelastisity modulus ” ¢ [Ns"/m] || 749.76 X 102
Relaxation time 7 [s] 1.20
Shear modulous G [N/m?] 623.80 X 102
Density p [kg/m?] 1.20
Poison’s ratio v [ 0.48

Bulk modulous K [N/m?

K =2(1+v)G/3(1 - 2v) 1.18 X 10°
Integration time step At [s] 0.01, 0.001
Algorithm parameters «, 8 [7] 0.50, 0.25
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Fig.3 : FE Analysis Model for VESD
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Fig.4 : The Histeresis Behavior of VESD
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